1. Introduction {#sec1}
===============

The United States is currently experiencing an epidemic of overweight \[[@B1]\], defined as a body mass index (BMI) between 25.0 and 29.9 kg/m^2^, and obesity, defined as a BMI of 30.0 kg/m^2^ or greater \[[@B2]\]. Among the groups showing an increased incidence of excess adiposity are college students \[[@B3]\]. Currently, there are an estimated 16.6 million young people aged 18 to 24 enrolled in US colleges and universities, \[[@B4]\] and it is estimated that 26% of Caucasian and 50% of African American college students are either overweight or obese \[[@B3]\]. Additionally, an estimated 33% of US college students have a total cholesterol level above 200 mg/dL, about 20% have HDL cholesterol concentrations below 40 mg/dL, and another 15% to 21% have prehypertension \[[@B5]\]. These trends are of concern to health care providers because ample clinical and epidemiological evidence links BMIs of 25.0 or greater to hypertension, heart disease, type 2 diabetes mellitus, strokes, and some types of cancers \[[@B6]\]. Although these chronic diseases are generally manifested in older adults, Skelton and coworkers \[[@B7]\] and Shaw \[[@B8]\] noted that these conditions can originate during childhood and adolescence. Moreover, several authors \[[@B7]--[@B9]\] have observed that these developmental periods may be critical for weight gain. Thus, an objective of the federally sponsored Healthy People 2010 initiative \[[@B10]\] was to increase the proportion of college students who are at a healthy weight (BMI between 18.5 and 24.9), and the US Surgeon General\'s Call to Action \[[@B11]\] proposed that more policies and interventions promoting healthy dietary and physical activity habits be implemented to meet this objective.

Several investigators \[[@B12]--[@B15]\] have reported that snacks, defined as unstructured eating occasions between meals \[[@B16]\] contribute significantly to the daily caloric intake of adolescents and young adults, and that frequent consumption of energy-dense snack foods may be contributing to the increasing occurrence of overweight/obesity among college-aged individuals. This argument is strengthened by data documenting the widespread availability and large sales volume of energy-dense snack foods. For example, Farley and co-workers \[[@B12]\] conducted systematic observations of 1082 retail stores in 19 US cities to determine the availability of six categories of higher-calorie (i.e., high-fat, sugary) snack foods. They found that these products were available in 41% of the stores; the most common products were candy (33%), sweetened beverages (20%), and salty snacks (17%). Moreover, snack foods were sold in 96% of pharmacies, 94% of gasoline stations, 22% of furniture stores, 16% of apparel stores, and 29% to 65% of other types of stores. Additionally, Pineda and Kleiner \[[@B16]\] reported a significant increase in the consumption of candy, soft drinks, fruit drinks, French fries, cheeseburgers, and pizza by adolescents and young adults over the past 30 years. In this regard, Zenk and Powell \[[@B17]\] reported that US adolescents aged 12 to 19 spent approximately \$159 billion on food, candy, and soft drinks in 2005 alone. Additionally, the snack industry publication Vending Times \[[@B18]\] reported that the sales of cold beverages and snack foods combined totaled \$34.3 billion or 73% of vending machine sales in 2006. The findings reported by Nelson and Story \[[@B13]\] for US college students reflect these sales and consumption trends. These investigators inventoried the foods and beverages found in the dormitory rooms of 100 college students and reported that more than 70% of the students had salty snacks, desserts or candy, and sugar-sweetened beverages, while fewer students had lower-calorie beverages, fruits and vegetables, dairy products, tea/coffee, and pure fruit/vegetable juice. They also noted that the mean number of food and beverage items per student was 47 (range zero to 208), and that the average number of calories per dormitory room was 22,888.

The Transtheoretical Model (TM), originally used by Prochaska and Di Clemente \[[@B19]\] as a conceptual framework for the study of addictive behaviors, has since been used successful to identify correlates of healthy eating for use in clinical and educational settings \[[@B20]--[@B23]\]. In its expanded form, the TM consists of four dimensions, that is, the stages of change, the processes of change, situational self-efficacy, and decisional balance. The stages of change represent the temporal, motivational, and consistency constructs of behavior change. These stages are precontemplation (no thought is given to adopting a healthy behavior within the next six months), contemplation (serious consideration is given to adopting a healthy behavior within the next six months), preparation (the decision is made to adopt a healthy behavior within the next 30 days), action (the healthy behavior has been practiced for six months or less, and it requires considerable effort to maintain), maintenance (the healthy behavior has been practiced for longer than six months, and it requires less effort to maintain), and termination (the healthy behavior has become automatic).

The TM hypothesizes that individuals can transition from the preaction (precontemplation, contemplation, and preparation) to the action (action, maintenance, and termination) stages through cognitive and behavioral processes of change. The cognitive processes focus on gathering information about the unhealthy behavior, leading to an attitude change conducive to a positive behavior change. The behavioral processes involve adopting strategies that facilitate replacing an unhealthy with a healthy behavior. The situational self-efficacy dimension measures the degree of confidence to undertake a healthy behavior under different circumstances, and the decisional balance component examines perceived barriers and benefits to adopting a healthy behavior.

College students pursuing academic degrees in health-related disciplines (e.g., nursing science, dietetics, wellness, health education, community health, etc.) are likely to engage in counseling future clients about healthy lifestyle behaviors, including dietary strategies for long-term health maintenance. It would, therefore, be helpful for educators in these and other health-related disciplines to monitor the dietary habits of these students, including their snack selections, to determine whether they are setting the stage for modeling a positive or a negative dietary behavior before beginning their professional careers. Furthermore, since the snack choices available to college students when spending time on-campus may differ from those available to them when off-campus in terms of variety and nutrient composition, it would be useful to identify their snack choices in the context of place, to examine their degree of consistency in snack selection under different environmental circumstances. Thus, the aims of this study were to (1) compare the on- and off-campus snacking patterns (i.e., snack choices and frequency of consumption) for college students pursuing academic degrees in health-related fields (HRFs, and in other fields (NHRFs), (2) compare these student samples on the psychosocial correlates from the TM, that is, perceived barriers, situational self-efficacy, and stage of change, (3) measure the students\' knowledge concerning the nutritional characteristics of healthy snacks, and (4) identify associations between the students\' snacking patterns and the psychosocial correlates from the TM. Several authors \[[@B21]--[@B23]\] have found that health promotion interventions are more effective if they are tailored to the target audience, which requires an assessment of the psychosocial correlates that may hinder the desired dietary change.

2. Materials and Methods {#sec2}
========================

2.1. Participants and Recruitment {#sec2.1}
---------------------------------

Convenience sampling was used to recruit male and female undergraduates at high-traffic locations (i.e., student union, residence halls, dining rooms, outside the library) at a southeastern university. Participation was restricted to off-campus residents to increase the likelihood that the students would have access to a variety of off-campus commercial establishments where snack foods could be purchased, in addition to those located on-campus, to facilitate comparisons of on- versus off-campus snacking patterns. Recruitment was accomplished by one female and one male undergraduate student under the supervision of two nutrition professors. Given that off-campus residents frequent the university primarily on week days, recruitment took place on different days of the week (excluding weekends) and at different times of day to obtain a sample that closely reflected the demographics of the off-campus residents enrolled at the University during the time of data collection.

Informed consent was explained in a cover letter attached to each questionnaire, no incentives were offered for participation, and receipt of a completed questionnaire was interpreted as obtaining informed consent. Confidentiality of responses was insured by storing the questionnaires in a locked filing cabinet in the office of one of the investigators. This research was approved by the University and Medical Center Institutional Review Board at the study site.

2.2. Survey Questionnaire {#sec2.2}
-------------------------

Data were collected over a three-month period using an anonymous, self-administered questionnaire that was completed at the recruitment sites. The students\' snack choices and frequency of consumption were assessed using a snack food frequency questionnaire (SFFQ) that was developed by the authors with guidance from the snacking literature \[[@B12]--[@B18]\]. This assessment method was used because it is relatively inexpensive to administer and process and requires a relatively low respondent burden \[[@B24]\]. Validity is difficult to establish for all dietary assessment methods, since obtaining the "gold standard" dietary information would involve continuous monitoring of study participants for 24 hours per day \[[@B24]\]. The term snack was defined in the questionnaire as a food or beverage that is consumed between meals \[[@B16]\]. The SFFQ contained 12 higher-calorie snacks (i.e., snacks that are higher in fats, oils, and caloric sweeteners relative to their protein, fiber, and micronutrient content) and their lower-calorie counterparts. Thus, on the SFFQ, snacks were listed as follows: regular ice cream, low-fat/low-sugar ice cream, regular chips, lower-fat chips, regular yogurt, lower-fat/lower-sugar yogurt, regular soft drinks, diet soft drinks, regular cookies, lower-fat/lower-sugar cookies, and so forth. Ten additional higher-calorie and seven additional lower-calorie snacks were also included. The higher-calorie and lower-calorie snacks were scrambled throughout the SFFQ rather than listed in pairs to minimize the occurrence of an expectation bias. The columns of the SFFQ were labeled Snack, Location, and How Often Do You Eat This Snack? Next to each snack food under the column labeled Location were the terms Residence and On-Campus, and the students were instructed to estimate how often they consumed each snack at these two locations. The temporal categories listed under the How Often column were Never, Once a month, Two to three times a month, Once a week, Twice a week, Three to four times a week, Five to six times a week, Once a day, Twice a day, and Three or more times a day. The students estimated how often they consumed each snack on- and off-campus by filling in the bubble under the most appropriate column. These SFFQ data do not, however, indicate whether the snacks consumed on- or off-campus were purchased at these locations.

The students rated the perceived importance of 11 potential barriers to healthy snacking on- and off-campus on a five-point scale where 1 meant not at all important and 5 meant very important. Six of the barriers focused on practical concerns, two on awareness of healthy snacks, and three focused on internal cues. These barriers, developed by the authors with guidance from the literature \[[@B21]--[@B23]\] had an overall Cronbach\'s alpha coefficient of 0.85 (average interitem correlation = 0.121) for the off-campus and 0.84 (average interitem correlation = 0.114) for the on-campus locations, respectively.

The students\' situational self-efficacy to consume healthy snacks was assessed using modified versions of the subscales developed by Ôunpuu and co-workers \[[@B21]\]. The negative/affective subscale (seven items) describes circumstances associated with emotional upset, the positive/social subscale (four items) describes social/celebratory situations, and the difficult/inconvenient subscale (six items) describes circumstances where accessing healthy snacks would be challenging. Each item was rated only once, regardless of where the students snacked, using a five-point scale where 1 meant not at all confident and 5 meant very confident. The Cronbach alpha coefficients for the present sample were 0.90 for the negative/affective, 0.85 for the positive/social, and 0.84 for the difficult/inconvenient subscale. The students\' readiness to eat healthy snacks was assessed only once, regardless of where the snacking occurred, using Prochaska\'s descriptors of the stages of change for adopting a healthy behavior \[[@B19]\]. This framework has been validated in several dietary studies where the aim was to classify participants according to their motivation to adopt a healthy eating behavior \[[@B25]--[@B28]\].

The students\' knowledge of healthy snacks was measured using a 14-item snack knowledge test (SKT) developed by the authors. The first eight items consisted of a list of nutrient descriptors, and the students circled yes or no to indicate whether the descriptors were characteristic of healthy snacks. These items were followed by six multiple-choice questions that asked the students to identify the snack that possessed the nutrient characteristic specified in the stem of the questions, with each stem followed by three answer choices.

The questionnaire concluded by asking the students to respond to four attitudinal items concerning their snack choices and to provide demographic information. The first attitudinal item asked the students to assess their perceived overall healthfulness of the snacks they typically consumed by circling either mostly unhealthy, some unhealthy/some healthy, or mostly healthy. The second item assessed the extent to which the students agreed with the following statement: "My current snack choices could have an influence on my physical health in the years to come." The response options for this item were arranged along a five-point Likert scale. The students were also asked to indicate the type of influence they thought their current snack choices could have on their physical health in the years to come, by circling either mostly unfavorable, no influence, mostly favorable, or no opinion. Lastly, the students were asked whether they would be interested in learning more about how to choose and prepare healthy snacks, and if so, to circle (from a list of seven sources) their preferred sources for receiving this information. The demographic items elicited information about sex, race/ethnicity, year in school, self-reported height and weight (used to calculate BMI), and field of study.

2.3. Pilot Test {#sec2.3}
---------------

The questionnaire was pilot tested and revised based on input from 20 undergraduates who did not participate in the final study. Accordingly, sports drinks were added to the SFFQ, and the list of potential information sources about healthy snacking was expanded to include the campus newspaper and radio station. Face and content validity of all measures were determined by a panel of three nutrition professors experienced at questionnaire design and familiar with the snacking literature and with the psychosocial correlates that were measured.

2.4. Statistical Analyses {#sec2.4}
-------------------------

Data were analyzed using the Statistical Package for the Social Sciences version 13.1 (SPSS Inc, Chicago, IL, USA) and the Statistical Analysis Systems version 9.1 (SAS Institute, Cary, NC, USA) software packages. Frequency counts, means, and percents were obtained on data from the SFFQ, on the psychosocial correlates, and on attitudinal and demographic items. The ten temporal categories listed on the SFFQ were collapsed into three categories to more succinctly report the students\' snacking patterns. These categories were lower frequency (1 to 3 times a month), moderate frequency (1 to 4 times a week), and higher frequency (5 times a week to 3 or more times a day). The percentage of students who consumed each snack at the higher frequency was calculated separately for the two student samples at each location.

Data from the SFFQ were also used to calculate on- and off-campus snack quality indexes (SQIs), following the approach used by Schunk and co-workers \[[@B20]\]. These indexes were based on the energy density and frequency of consumption of each snack listed on the SFFQ. Accordingly, the quality of a snack was based on its approximate nutrient density, that is, the estimated amount of macro and micronutrients relative to the estimated caloric content. Thus, the higher quality (healthier) snacks were those that had a higher nutrient density, that is, they contained greater amounts of protein, fiber, vitamins, and minerals relative to their content of fats, oils, and caloric sweeteners. Conversely, the lower-quality (less healthy) snacks were those that had a lower nutrient density, that is, they contained lower amounts of the macro- and micronutrients relative to their content of fats, oils, and caloric sweeteners. For example, when calculating the SQIs, regular ice cream and regular chips were classified as less healthy snack choices, while low-fat/low-sugar ice cream and low-fat chips were classified as healthier choices. These lower-quality snacks are regarded as less healthy choices because, if consumed frequently, they can contribute to unwanted weight gain \[[@B12]--[@B15]\].

Calculation of the SQIs also took into account the frequency of consumption of each snack appearing on the SFFQ. In computing the SQIs, zero points were assigned to each healthier snack that was consumed once a month, one point if consumed 2 to 3 times a month, two points if consumed once a week, three points if consumed twice a week, 4 points if consumed 3 to 4 times a week, 5 points if consumed 5 to 6 times a week, 6 points if consumed once a day, 7 points if consumed twice a day, and 8 points if consumed 3 or more times a day. These point allotments were reversed when scoring the less healthy snacks.

SQI scores were expressed as a percentage of the maximum possible score. The percentage of the maximum possible SQI score was multiplied by the proportion of lower-calorie snacks in the students\' diet to differentiate between students who consumed fewer versus more higher-calorie snacks (i.e., snacks low in nutrients relative to their caloric content). The resulting SQI scores were, therefore, reported on a scale ranging from zero to 100 points. Using this scoring system, higher SQI scores are associated with snacking profiles comprised of lower-calorie snacks eaten at higher frequencies and/or higher-calorie snacks eaten at lower frequencies. Snacks that were calorie-free (e.g., bottled water, black coffee, unsweetened tea, and diet soft drinks) were not included on the SFFQ, and snacks that were listed on the SFFQ but that the students never consumed were excluded from the calculation of the SQIs. In summary, the SQIs were intended to serve as rapid assessment measures to characterize the overall healthfulness of the students\' snack choices rather than as precise measures of the energy and nutrient content of their snack choices. A similar scoring system was previously used by the authors to characterize the healthfulness of the dietary patterns of adolescents \[[@B24]\]. Moreover, Brunt et al. \[[@B31]\] noted that global measures such as the SQI used in the present study can be more informative for assessing the healthfulness of a diet than methods that focus on a single nutrient, food, or food group.

Wilcoxon-matched pair analysis was performed to identify significant differences between self-efficacy subscale scores on- and off-campus, and the Mann-Whitney independent samples test was used to compare the HRF and NHRF students on their mean SQI and SKT scores, and on their mean perceived barriers and situational self-efficacy subscale scores. Pearson\'s chisquare was used for comparing distributions of Likert scale responses between HRF and NHRF students. In scoring the 14-item SKT, one point was allotted for each correct and zero points for each incorrect answer.

Spearman correlation analyses were performed to identify associations between the SQI scores and body mass index (BMI), between the SQI scores and SKT scores, and between the SQI scores and the self-efficacy and perceived barriers subscale scores. Statistical significance was *P* \< 0.05.

3. Results {#sec3}
==========

3.1. Participant Characteristics {#sec3.1}
--------------------------------

Completed questionnaires were received from 513 college students, of whom *n* = 236 (46%) were HRF students and *n* = 277 (54%) were NHRF students. The gender distribution among the HRF students was 68 males and 168 females (29% : 71%), and among the NHRF students was 124 males and 153 females (45% : 55%). The race/ethnicity distribution among HRF students was 80% white, 15% African-American, 2% Hispanic, 1% Asian-American, and 2% from other groups: among NHRF students, it was 76% white, 13% African-American, 4% Hispanic, 2% Asian-American, and 5% from other groups. Regarding academic classification for the overall sample, 33% were first- /second-year students and 67% were third- /fourth-year students. The mean ± SD BMI for HRF (NHRF) students was 23.8 ± 4.2 (24.3 ± 4.4) kg/m^2^, and the proportion of overweight/obese students for HRF (NHRF) was 30% (35%); neither of these differences was statistically significant.

3.2. Snack Choices and Snack Quality Index (SQI) Scores {#sec3.2}
-------------------------------------------------------

The HRF students consumed a median of two daily snacks when off-campus and one when on-campus, while the NHRF students consumed a median of three daily snacks when off-campus and one when on-campus. For the off-campus location, the three snacks consumed at the higher frequency by the greatest proportion of the HRF students were sports drinks (35%), low-fat milk (34%), and fresh vegetables (31%). The corresponding findings for the on-campus location were regular chips (7%), regular soft drinks (7%), and sports drinks (6%). The snacks consumed at the higher frequency by the greatest proportion of the NHRF students when off-campus were regular cheese (31%), sports drinks (29%), and low-fat milk (29%), while the corresponding findings for the on-campus location were regular soft drinks (8%), sports drinks (7%), and regular cheese (6%).

Among all students, the 3 lower-calorie snacks consumed at the higher frequency at their off-campus residence by the highest proportion of students were low-fat milk (32%), fresh fruit (32%), and fresh vegetables (29%); the corresponding ranking for on-campus was fresh fruit (6.8%), fresh vegetables (5.5%), and sports drinks (5.5%). In contrast, the 3 higher-calorie snacks consumed at the lower frequency at their off-campus residence by the highest proportion of students were high-calorie cottage cheese (96%), high calorie pudding (97%), and cheese puffs (88%); the corresponding ranking for on-campus was high-calorie cottage cheese (99%), high-calorie pudding (97%), and high-calorie popcorn (97%).

A self-evaluation of the perceived quality of their snack choices revealed that 5% of the HRF and 10% of the NHRF students regarded their snack choices as mostly healthy, while 31% of the HRF and 22% of the NHRF students perceived their choices as mostly unhealthy. Additionally, 82% of the HRF and 81% of the NHRF students agreed/strongly agreed that their current snack choices could have an influence on their physical health in the years to come, and 16% of the HRF and 19% of the NHRF students characterized this influence as mostly unfavorable. A majority (90%) of the HRF and NHRF students wanted to learn more about healthy snacking, preferably through the internet (57%), fliers (49%), and newspaper articles (36%).

The mean ± SD off-campus SQI scores for the HRF and NHRF students were 24.7 ± 5.6 points and 23.6 ± 5.5 points, respectively (Mann-Whitney chisquare = 6.188, DF = 1, *P* = 0.013). There was no significant difference in the mean on-campus SQI scores (21.4 ± 8.7 points versus 21.2 ± 9.3 points) for the HRF and NHRF students, respectively. Additionally, correlations between BMI and the off-campus SQI scores (Spearman *r* = −0.097) and between BMI and the on-campus SQI scores (Spearman *r* = −0.093) for the sample as a whole were small and not statistically significant.

3.3. Perceived Barriers, Situational Self-Efficacy, and Stage of Change for Healthy Snacking {#sec3.3}
--------------------------------------------------------------------------------------------

The mean importance ratings for the barriers to healthy snacking shown in [Table 1](#tab1){ref-type="table"} indicate that the barriers perceived as most important on- and off-campus for the HRF and NHRF students related to cost, availability, and cravings.

Comparisons of the mean barriers subscale scores for the HRF and NHRF students revealed that significant differences were found only on the internal cues subscale and the awareness subscale, both on- and off-campus, with the NHRF students scoring significantly higher on both subscales.

Regarding situational self-efficacy to choose healthy snacks, the HRF students were least confident when experiencing negative emotions, more confident in positive/social situations, and most confident when accessing healthy snacks was difficult/inconvenient. In contrast, NHRF students were least confident when experiencing negative emotions, more confident when choosing healthy snacks was difficult/inconvenient, and most confident in positive/social situations ([Table 2](#tab2){ref-type="table"}).

Comparisons of the mean self-efficacy subscale scores showed that the HRF students scored significantly higher on the difficult/inconvenient subscale (Mann-Whitney chisquare = 16.879, DF = 1, *P* \< 0.001) and on the negative/affective subscale (Mann-Whitney chisquare = 6.187, DF = 1, *P* = 0.013).

Regarding their readiness to choose healthy snacks, a significantly higher percentage of HRF than NHRF students self-classified in the action stages (75% versus 65%, resp., *P* = 0.013).

3.4. Knowledge of Healthy Snacks {#sec3.4}
--------------------------------

[Table 3](#tab3){ref-type="table"} shows the percent of correct answers and the summary statistics for the 14-item SKT. The mean ± SD score for the overall sample was 12.2 ± 2.0 points (range 0 to 14 points) out of a possible 14 points, or 87.4%. The majority (74%) of the students correctly answered the eight yes/no questions concerning the nutrient characteristics of healthy snacks, and 25% correctly answered the six multiple-choice questions requiring them to identify the snacks having the nutrient descriptors specified in the stem of the questions. The HRF students had a higher mean SKT score (12.4 ± 2.0 points) compared to the NHRF students (12.1 ± 2.0 points), although this difference was not statistically significant. The only significant correlation between SQI and SKT scores applied to the HRF students, for whom the off-campus SQI scores showed a small but significant association with their SKT scores (Spearman *r* = 0.149, *P* = 0.024).

An item analysis showed that of the 91.4% of the students who knew that low in trans fat is a characteristic of healthy snacks, 93% were also able to identify French fries as the snack with the highest amount of trans fat. However, while 95.2% of the students knew that high in fiber is a characteristic of healthy snacks, only 42.1% correctly identified popcorn as a high-fiber snack.

3.5. Relationships between SQI Scores and Psychosocial Correlates {#sec3.5}
-----------------------------------------------------------------

The only significant correlations between the SQI scores and the perceived barriers subscale scores occurred among the HRF students, for which the off-campus SQI scores correlated negatively with the internal cues subscale scores (Spearman *r* = −0.246, *P* \< 0.001), and with the awareness subscale scores (Spearman *r* = −0.172, *P* = 0.011). The off-campus SQI scores for both student samples were significantly positively correlated with the overall self-efficacy scale scores (all three subscales); HRFs Spearman *r* = 0.362, *P* \< 0.001, NHRFs Spearman *r* = 0.295, *P* \< 0.001. However, no significant correlations emerged between the on-campus SQI scores and the overall self-efficacy scale scores. Additionally, statistically significant differences emerged between the mean off-campus SQI scores (20.6 ± 4.9 points versus 25.6 ± 5.2 points, Mann-Whitney chisquare = 95.798, DF = 1, *P* \< 0.001) and between the mean on-campus SQI scores (19.0 ± 7.3 points versus 22.3 ± 9.4 points, Mann-Whitney chisquare = 24.911, DF = 1, *P* \< 0.001) for the students who self-classified in the preaction or action stages, respectively, regardless of their field of study.

4. Discussion {#sec4}
=============

The low mean on- and off-campus SQI scores reported for the HRF and NHRF students suggest unhealthy snacking patterns characterized by frequent consumption of energy-dense snacks. For example, fruits and vegetables were consumed at the higher frequency by less than one third of the HRF and NHRF students off-campus and by less than 10% of both samples on-campus, low-fat dairy foods were consumed at the higher frequency by approximately one third of the HRF and NHRF students off-campus and by less than 10% of both samples on-campus, and whole-grain products were consumed at the higher frequency by less than 10% of both samples at both locations. Regular consumption of energy-dense snacks by college students has previously been reported \[[@B12]--[@B14], [@B31]\]. Since such products can add a considerable number of calories to a daily diet \[[@B12]--[@B14]\], we hypothesize that the snacking patterns of the students in the present study may have contributed to the high prevalence (32.2%) of overweight/obesity reported for our overall sample. Our hypothesis is supported by the findings of an earlier study by Burger and co-workers \[[@B7]\] that examined the relationship between self-selected portion sizes and BMI in a college sample. These authors reported a strong positive correlation between BMI and consumption of large portion sizes for high-calorie foods and snacks. We acknowledge, however, that our self-reported anthropometric and dietary data may contain estimation and recall errors \[[@B32]\]. Additionally, the excess adiposity found in our sample may have been partly attributable to frequent consumption of high-energy meals and a sedentary lifestyle, neither of which was measured in this study.

Despite the low mean SQI scores earned by the HRF and NHRF students, three fourths of the former sample and two-thirds of the latter sample self-classified in the action stages of change for healthy snacking. Additionally, while the mean scores on the SKT reported for the two student samples reflect a good understanding of the nutrient characteristics of healthy snacks, the students\' low SQI scores suggest a disconnect between acquired nutrition knowledge and its application when making snack choices. Hence, the low SQI scores, the high prevalence of overweight/obesity, and the possibility that some students misclassified themselves in the action stages suggest a need for health promotion programs that offer HRN and NHRN students opportunities to taste, purchase, and prepare healthy snacks. This need is underscored by the findings that approximately 30% of the HRF and approximately 20% of the NHRF students regarded their snack choices as mostly unhealthy, and that almost 20% of the students in both samples acknowledged that their current snack choices could have an unfavorable effect on their long-term health.

Snack preparation and tasting activities should offer college students the opportunity to taste a variety of healthy snacks, with the aim of motivating them to want to invest their limited time and money in purchasing and preparing such snacks. These tasting opportunities should feature palatable snacks that can be safely transported in a backpack and should be made using easy-to-follow recipes, and affordable, familiar ingredients. Emphasis should be placed on fiber-rich foods, given that small percentages of the HRF and NHRF students snacked on fresh fruits, vegetables, and wholegrain foods on- or off-campus. The most popular snack recipes could subsequently be offered to the students on-line, on fliers, and in the student newspaper, since these were the preferred media identified by the students for receiving information about healthy snacking. Our findings suggest that these students would be receptive to such activities, since almost 90% expressed an interest in learning more about healthy snacking.

Programs focusing on snack purchasing should teach college students how to make healthy snack choices from different kinds of food outlets, including vending machines, convenience stores, and grocery stores. One strategy would be to provide nutrition information at or near the point-of-purchase, given that Freedman and Connors \[[@B33]\] found that college students made healthier food purchases at on-campus convenience stores when nutrition information was available at the point of purchase. In particular, snack purchasing interventions should teach college students how to identify fiber-rich snack foods, given that half the students incorrectly identified the snack that was highest in fiber on the SKT. The most common response to this test item was cottage cheese rather than popcorn, suggesting that those students who answered this question incorrectly are misinterpreting the lumpy appearance of cottage cheese as an indication that this food possesses a high fiber content. Since high-fiber foods can help with weight management \[[@B34]\] and can assist in lowering LDL cholesterol \[[@B35]\], health promotion interventions focusing on healthy snacking should teach these young adults how to identify high-fiber foods and emphasize the potential health benefits of adding more of these foods to their diets.

Since greater proportions of the HRF and NHRF students consumed fresh fruits and vegetables and low-fat/fat-free milk off- campus than on-campus, it would be worthwhile to approach on-campus food vendors with suggestions about making these products more available and affordable, along with smaller packages of such popular snacks as popcorn, chips, cookies, and so forth. Making these products more accessible on-campus could help the students overcome their most important barriers to healthy snacking, that is, availability and cost, while making valuable contributions to their daily calorie and nutrient intakes \[[@B10], [@B34]\].

Snack tasting, preparation, and purchasing activities could be offered in introductory health and nutrition courses, during guided supermarket tours, at on-campus social gatherings, at student health centers, during athletic and wellness events, and at dining/residence halls. However, the finding that the students felt least confident to choose healthy snacks when they are emotionally upset suggests that affording these young people learning opportunities about healthy snacking may not suffice to produce desirable dietary change. Our findings suggest that interventions are also needed that teach college students techniques for enhancing their self-confidence to choose healthy snacks under unfavorable emotional and environmental circumstances. Regarding the impact of negative emotions on food selection, Locher and co-workers \[[@B36]\] reported that young adults often eat high-calorie foods for comfort when they are depressed, lonely, or bored. If motivational messages are to be a part of these interventions, Wilson \[[@B37]\] recommends that, for greater effectiveness, the following are to be considered: tailoring the message to the cognitive abilities of the audience; making the message relevant to the audience; wording the message clearly and specifically, with no distractions; delivering the message through a medium that allows for reflection and self-pacing rather than one that allows for little audience control; having the message delivered by a credible source; and using a spokesperson that shares characteristics with the audience.

This study has several noteworthy strengths and limitations. A key strength is that, including such psychosocial correlates as perceived barriers, situational self-efficacy, stage of change, and knowledge generates findings that permit nutrition and health educators to tailor interventions to the needs of specific student groups. The rapid assessment nature of the SQI makes its ease of use appealing, but validation of this tool with college samples is needed to enhance its usefulness.

The limitations of this study include the use of a convenience sample that prevents the generalizability of the findings, the use of the SQI as the single indicator of the healthfulness of the students\' snacking patterns, the narrow geographic scope, and the self-reported nature of all measures. It is also acknowledged that not all instruments used in the study have undergone rigorous evaluation, and that the students who refused to complete the questionnaire may have differed from the participants on the demographic, behavioral, and psychosocial variables examined; however, the refusal rate was low (approximately one refusal for every ten who completed the survey). If other studies using validated snack frequency questionnaires similar to that used in the present study, probability samples, and a broader geographic scope corroborate our findings, future research should focus on developing and evaluating interventions and messages about healthy snacking for college students when spending time on-campus and at home. Previous research suggests that these educational efforts are more likely to produce the desired behavior change, that is, healthy snack selection, if these learning opportunities were tailored to college students in the preaction and action stages of change for healthy snacking \[[@B21]--[@B23]\].

5. Conclusions {#sec5}
==============

In conclusion, there were few differences in the on and off-campus snacking patterns of the HRF and NHRF students. The most notable difference was the higher proportion of students consuming lower-calorie snacks such as low-fat milk and fresh fruits and vegetables off-campus compared to on-campus. However, at both locations, fruits and vegetables in any form, low-fat dairy foods, and whole grain products were consumed as snacks by small percentages of the students. These findings suggest a need for interactive programs that offer college students opportunities to taste healthy snacks, that teach them how to purchase and prepare such snacks for long-term health promotion, and that enhance their confidence to select these products under challenging emotional and environmental circumstances. Since the overweight/obese students are at risk of developing debilitating chronic diseases \[[@B5], [@B6]\], it is important that they recognize healthier snack options on- and off-campus and understand the unfavorable health implications of consuming high-fat, sugary snacks on a regular basis.

The authors would like to thank the two undergraduates who devoted hours to recruitment and questionnaire distribution, and the 513 students who took the time to complete the questionnaire. They are willing to supply on request any of the instruments used in this study.

###### 

Mean importance ratings of barriers to healthy snacking on-campus and off-campus for 513 college students.

  Subscale or item^a^ (Stem: please rate each possible barrier to eating healthy snacks according to how important it is to you personally ...)   Perceived Importance on-campus   Perceived Importance off-campus                                  
  ----------------------------------------------------------------------------------------------------------------------------------------------- -------------------------------- --------------------------------- ----------- ----------- ------ -----------
  Practical concerns subscale (mean of 6 items)                                                                                                   2.6 (0.9)                        ns                                2.6 (0.9)   2.5 (0.8)   ns     2.7 (0.9)
  Practical concerns individual items^d^                                                                                                                                                                                                            
   Too expensive                                                                                                                                  3.4 (1.5)                        ns                                3.4 (1.6)   3.0 (1.3)   ns     3.2 (1.4)
   Not readily available                                                                                                                          3.2 (1.5)                        ns                                3.2 (1.4)   3.1 (1.3)   ns     3.1 (1.3)
   Take too long to prepare                                                                                                                       2.6 (1.4)                        ns                                2.7 (1.4)   2.9 (1.2)   ns     3.0 (1.3)
   Difficult to transport                                                                                                                         2.3 (1.4)                        ns                                2.4 (1.5)   2.2 (1.3)   ns     2.4 (1.4)
   My friends do not eat healthy snacks                                                                                                           2.0 (1.3)                        ns                                2.2 (1.3)   2.1 (1.3)   ns     2.3 (1.3)
   Boy/Girlfriend does not eat healthy snacks                                                                                                     1.9 (1.4)                        ns                                2.1 (1.3)   2.0 (1.3)   ns     2.2 (1.4)
  Internal cues subscale (mean of 3 items)                                                                                                        2.4 (1.1)                        \*\*                              2.7 (1.0)   2.5 (1.0)   \*\*   2.7 (1.0)
  Internal cues individual items                                                                                                                                                                                                                    
   Do not satisfy the craving I have                                                                                                              2.6 (1.4)                        \*\*                              3.1 (1.4)   2.8 (1.4)   \*\*   3.2 (1.3)
   Either not sweet enough or salty enough                                                                                                        2.2 (1.2)                        ns                                2.4 (1.2)   2.4 (1.2)   ns     2.5 (1.2)
   Do not give energy I need                                                                                                                      2.3 (1.4)                        ns                                2.4 (1.4)   2.3 (1.3)   ns     2.5 (1.4)
  Awareness subscale (mean of 2 items)                                                                                                            2.1 (1.3)                        \*                                2.3 (1.2)   2.1 (1.2)   \*     2.3 (1.1)
  Awareness individual items                                                                                                                                                                                                                        
   Do not know how to choose healthy snacks                                                                                                       2.1 (1.4)                        ns                                2.2 (1.3)   2.1 (1.3)   \*     2.3 (1.3)
   Do not know where to find healthy snacks                                                                                                       2.2 (1.4)                        ns                                2.5 (1.4)   2.1 (1.3)   ns     2.2 (1.2)

^a^Each item was rated on a 5-point scale, with 1: least important and 5: most important.

^b^HRF: health-related fields; NHRF: nonhealth-related fields. Data reported as "mean (standard deviation)."

^c^Statistical significance for HRF versus NHRF, ns: not significant (*P* ≥ 0.05); \**P* \< 0.05; \*\**P* \< 0.01.

^d^Items within each subscale are ordered from highest to lowest mean score based on off-campus means for NHRM.

###### 

Mean Ratings on situational self-efficacy subscales for eating healthy snacksfor 513 college undergraduates.

  Item or total subscale ^a^ (Stem: please rate how confident you are in your ability to eat a healthy snack under each of the following circumstances)   HRF^b^ (*N* = 236)   Sig^c^    NHRF^b^ (*N* = 277)             
  ------------------------------------------------------------------------------------------------------------------------------------------------------- -------------------- --------- --------------------- --------- ---------
  Negative Affect Subscale (mean of 7 items)                                                                                                              **2.9**              **0.9**   **\*\***              **2.6**   **0.9**
   When I am depressed or down                                                                                                                            2.6                  1.1       **\*\***              2.4       1.1
   When I have had an argument                                                                                                                            2.9                  1.1       **\*\***              2.4       1.1
   When I have had a tough day                                                                                                                            2.8                  1.1       **\*\***              2.5       1.1
   When I am angry                                                                                                                                        3.0                  1.1       **\***                2.7       1.2
   When I am anxious                                                                                                                                      3.1                  1.2       **\***                2.8       1.2
   When I feel frustrated                                                                                                                                 2.9                  1.1       **ns**                2.7       1.1
   When I feel bored                                                                                                                                      2.7                  1.3       **ns**                2.8       1.3
  Positive/Social Subscale (mean of 4 items)                                                                                                              **3.1**              **1.0**   **ns**                **3.2**   **1.0**
   When with friends at party                                                                                                                             2.9                  1.3       **\***                3.0       1.2
   At happy celebrations with friends                                                                                                                     3.2                  1.3       **\***                3.2       1.2
   While eating out with friends                                                                                                                          3.2                  1.2       **ns**                3.2       1.2
   While at picnic/barbeque                                                                                                                               3.1                  1.2       **ns**                3.1       1.2
  Difficult/Inconvenient Subscale (mean of 6 items)                                                                                                       **3.2**              **0.8**   **\*\***              **2.9**   **0.9**
   When less healthy snacks available                                                                                                                     2.8                  1.1       **ns**                2.7       1.1
   When I need to prepare myself                                                                                                                          3.5                  1.3       **\***                3.4       1.3
   When eating healthy is too much trouble                                                                                                                2.7                  1.0       **ns**                2.5       1.0
   When eating healthy means I prepare                                                                                                                    3.2                  1.2       **\***                3.1       1.2
   When substituting unhealthy with healthy is a pain                                                                                                     2.9                  1.1       **\***                2.8       1.0
   When eating less healthy is more convenient                                                                                                            3.0                  1.1       **ns**                2.9       1.2

^a^Each item was rated on a 5-point scale, with 1: least confident and 5: most confident.

^b^HRF: health-related fields, NHRF: nonhealth-related fields.

^c^Statistical significance for comparison of HRF and NHRF, ns: not significant (*P* ≥ 0.05); \**P* \< 0.05; \*\**P* \< 0.01.

###### 

Frequencies of correct and incorrect responses, and overall summary statistics, from 513 college undergraduates on the snack knowledge test.

                                                                                   Correct answer   HRF^a^ (*N* = 236) % Correct   Sig^b^   NHRF^a^ (*N* = 277) % Correct
  -------------------------------------------------------------------------------- ---------------- ------------------------------ -------- -------------------------------
  Part I stem of question: which is a characteristic of a healthy snack?                                                                    
   High in fiber                                                                   Yes              96.4                           **ns**   94.3
   Low in trans fat                                                                Yes              92.9                           **ns**   90.5
   Low in cholesterol                                                              Yes              97.3                           **ns**   93.9
   High in calories                                                                No               97.3                           **\***   92.8
   Low in vitamins/minerals                                                        No               96.4                           **ns**   94.3
   High in saturated fat                                                           No               97.8                           **ns**   95.4
   Low in sugar                                                                    Yes              94.2                           **\***   87.8
   High in salt                                                                    No               98.7                           **\***   94.7
  Part II stem of question: which snack is ...?                                                                                             
   Lowest in salt (among grapes, corn chips, light cheddar cheese)                 grapes           93.9                           **ns**   93.7
   Highest in fiber (among French fries, popcorn, cottage cheese)                  popcorn          40.0                           **ns**   39.6
   Highest in trans fat (among pretzels, French fries, apples)                     French fries     91.7                           **ns**   90.3
   Lowest in cholesterol (among carrots, cheese pizza, whole milk)                 carrots          94.4                           **\***   88.8
   Highest in saturated fat (among peaches in syrup, raisin bagel, cheese pizza)   cheese pizza     75.2                           **ns**   73.9
   Lowest in calories (among candy bar, potato chips, light yogurt)                light yogurt     93.9                           **ns**   94.4
  Overall Knowledge Test Summary Statistics (Mean ± SD)                                                                                     
   Part I (out of 8 possible points)                                                                7.5 ± 1.4                      **ns**   7.3 ± 1.6
   Part II (out of 6 possible points)                                                               4.9 ± 1.0                      **ns**   4.8 ± 1.0
   Total Score (out of 14 possible points)                                                          12.4 ± 2.0                     **ns**   12.1 ± 2.0

^a^HRF: Health-related fields, NHRF: Nonhealth-related fields.

^b^Statistical significance for comparison of HRF and NHRF, ns: not significant (*P* ≥ 0.05); \**P* \< 0.05; \*\**P* \< 0.01.

[^1]: Academic Editor: Ruth H. Striegel-Moore
